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WING AND A HORIZONTAL TAIL MOUNTED WELL ABOVE THE 
WING PLANE - LONGITUDINAL STABILITY AND CONTROL 
By Willard G. Smith 


SUMMARY 


Experimental results sho'wing the static longitudinal-stability 
and -control characteristics of a model of a fighter airplane employing 
a lo'w-aspect -ratio uns'wept 'wing and an all-movable horizontal tall are 
presented. The investigation 'was made over a Mach number range from 
0.60 to 0.90 and from 1.35 to I .90 at a constant Reynolds number of 2.40 
million, based on the 'wlng mean aerodynamic chord. 

Because of the location of the horizontal tail at the tip of the 
vertical tall, interference was noted between the vertical tail and the 
horizontal tail and between the wing and the horizontal tail. This 
interference produced a positive pitching-moment coefficient at zero 
lift throughout the Mach number range of the tests, reduced the change 
in stability with increasing lift coefficient of the wing at modere^e 
lift coefficients in the subsonic speed range, and reduced the stability 
at low lift coefficients at high supersonic speeds. The lift and pitching- 
moment effectiveness of the all- mova ble tall was unaffected by the inter- 
ference effects and was cons’tant throu^out' the lift-coefficient range of 
the tests at each Mach number except I. 90 . 


INTRODUCTION 


The characteristics of aircraft configurations capable of supersonic 
flight have received considerable attention during?>'^he past several years. 
One of the problems associated with the low-ja^^OT^^J'iitio wings employed 
on these hl^-speed4^m^l^^,.^is the wipg^l^i^im especially 

in the landing atti^Mel * %vestXi|4l|j^^^',^t|^'>>SBff^cts^^f tail hei^t on 
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eonfigurations with sweptback’ of^S^angular wings (refs. 1 to 8) have 
shown that a high tail position p^Muces undesirable longitudinal- 
stability changes at high angles of attack as the tail passes through 
the vortex field from the wing. An airplane configuration incorporat- 
ing a thin, low-aspect-ratio, unswept wing and a high horizontal -tail 
position has recently been investigated in the Ames 6- by 6-foot super- 
sonic wind tunnel. In view of the deficiency of the hi^ tail position 
on aircraft with sweptback and triangular wings and the paucity of 
information concerning the- effect of tail position on aircraft with 
unswept wings, it was thought that the data obtained during the present 
investigation concerning the longitudinal-stability characteristics 
would be of considerable general interest. This report presents, there- 
fore, the longitudinal-stability and -control characteristics of this 
supersonic airplane confi^n:’ation. 


NOTATIOl 


wing span, in, 


local wing chord measured parallel to model plane of syametry. 


xn. 


-b/S 2 
J c cLy 

"D 

wing mean aerodynamic chord, <— — — — — in. 


drag coefficient, 


/•b/a 

4 


ts 


Cl 

% 

Cm 


lift coefficient. 


lift 

(jS 


rate of change of lift coefficient -with' horizontal-tail 
deflection measured at zero deflection angle, per deg 


pitching-moment coefficient, referred to the quarter point of 

pitching moment 
qSc 


the mean aerodynamic chord of the wing, 


dC 


m 


dCj 


rate of change of pitching-moment coefficient with horizontal - 
tail deflection measured at zero deflection angle, per deg 


rate of change of pitching-moment coefficient -with lift coef- 
ficient measured at zero lift 


L 

D 


lift -drag ratio 
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M free “Stream Mach nuniber 

q free-stream ( 3 jnainic pressure, Ih/sq in. 

S total wing area measured in the plane of each wing panel and 

including the area formed hy extending the leading and 
trailing edges to the model plane of symmetry, sq in. 

y spanwise distance from plane of symmetry, in. 

a angle of attack of fuselage longitudinal axis, deg 

S angle of deflection of horizontal tail measured with respect 

to the fuselage reference axis, deg 

e downwash angle, deg 


APPARAITUS 


The Ames 6 - hy 6 “foot supersonic wind tunnel is a -variahle- 
pressure wind tunnel in which Mach number can he changed continuously 
from 0.60 to 0.90 and from 1.20 to I. 90 , Further information pertain" 
ing to this wind tunnel and characteristics of the air stream are given 
in reference 9 » In the wind tunnel, models are moimted on a sting 
support system in which the plane of motion is horizontal in order to 
utilize the most favorable stream conditions in the test section. During 
the present investigation, a 2 . 5 “inch, six-component, strain -gage balance 
mounted in the fuselage of the model was used to measure the aerodynamic 
forces and moments. 

As shown in the photograph of figure 1 and the sketch of figure 2, 
the model used in the present investigation consisted of a wing, fuselage, 
and tail. The wing was attached to the model so as to permit the dihedral 
angle to he changed. For the major portion of the investigation the dihe- 
dral angle was -5°. An angle of -10° was also used for a small portion 
of the investigation. The fuselage was basically a body of revolution to 
which were added a canopy and fairings at the wing roots to simulate the 
protuberances associated with the side inlets. The tail assembly shown 
in figures 1 and 2 was used during the major portion of the investigation 
and, for brevity, will be referred to as the "standard tail." The hori- 
zontal surface of the standard tail could be mounted at several different 
deflection angles in order to measure the effectiveness of the surface. 

Two other tail assemblies were also investigated and their shapes are 
compared with the standard tail assembly in figure 3* The horizontal sur- 
face was the same for all tail assemblies. During the investigations of 
the low-tail configuration only, the dihedral, of the wing was - 10 °. 
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The wing and tail assemblies were machined from solid steel. The 
fuselage was machined from aluminum. 


Dimensions of the model are given in figure 2. Other pertinent 
geometric characteristics of the model are presented in the following 
table; 


Wing 

Sectxon ....... 

Thickness, percent 

Area, sq in 

Aspect ratio . . . . 
Taper ratio . . . . 
Sweep of leading edge 


elliptical forward of 50-T>ercent chord 
and biconvex aft 

............... 202 « ^6 

2.5 

............... 0. 385 

' ^ _ O 7 O V9 


Horizontal tail 

Section . . elliptical forward of 50»percent chord 

and biconvex aft 


Root thickness, percent .. ....... 

Tip thickness, percent ..... ...... 

Area, in. ...... ...... .......... 

Aspect ratio 

Taper ratro ............ ........... 

Distance from 5/4 of wing to c/4 of tail, in. ...... 


5 

3 

49.80 

2.889 

0.326 

17.22 


REDUCTION OF DATA 


The forces and moments measured by the strain-gage balance have 
been resolved into standard NACA coefficient form as defined in the 
Notation section presented herein. The forces and moments are pre- 
sented with respect to the wind axes with the origin on the fuselage 
center line at the lateral projection of the quarter point of the 
mean aerodynamic chord of the wing. Certain corrections have been 
made to the data to account for differences known to exist between 
measurements maide in a wind tunnel and in free air. These corrections 
account for the following factors ; 

1. The longitudinal force on the model resulting from a static - 
pressure gradient in the test section as determined from a 
tunnel-empty calibration 

. The increase in airspeed in the vicinity of the model at 

subsonic speeds resulting frcM constriction effects of the 
tunnel walls 
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3o The change in angle of attack in the vicinity of the model 

induced hy the tunnel walls at subsonic speeds as a result 
of the lift on the model 

In addition to the aforementioned corrections, the drag data were 
also adjusted to correspond to conditions in which the pressure at the 
base of the model would be free^stream static pressure o This adjust- 
ment partially accounts for the effects of sting interference. Ho 
further corrections were made for the effects of sting interference. 
Tests were made using a sting with a constant diameter, extending 
approximately four diameters aft of the model base, to evaluate the 
influence of the tapered sting used for this investigation on the aero- 
dynamic characteristics of the model. Results of these tests on the 
model with the low horizontal-tail position indicate that the tapered 
sting, at subsonic speeds, produced a reduction in measured drag of 
about O.OOlO and a negative shift in the pitching-moment curve equi- 
valent to one-third of a degree horizontal -tail deflection. However, 
the slopes of the pitching-moment curves and the control effectiveness 
were essentially unaffected by the influence of the sting. At super- 
sonic speeds the sting influence was negligible. 


RESULTS AND DISCUSSION 


The results of the present investigation revealed several interest- 
ing phenomena concerning the pitching-moment coefficient at zero lift 
and the longitudinal -stability characteristics of the model. These 
effects are believed to be associated with the high position of the. 
horizontal tail on the model and will be discussed in some detail in 
the first portion of this section of the report. Following this <iis- 
eussion, the control characteristics will be presented, including the 
control effectiveness and the drag coefficient of the complete model 
for a condition of balance. 


Longitudinal Stability 


The results in figure k and, in particular, figure 5? show that 
throu^out the Mach number range of this investigation, the pitching-* 
moment coefficient at zero lift for the model either without the 
horizontal tail or with any of the horizontal tails at zero deflection 
was positive. If the influence of the tapered sting had been con- 
sidered, the value of pitching-moment coefficient for the model with 
any of the horizontal tails would have been more positive. For the 
model without a horizontal tail, the positive value of pitching 
moment was small and was probably caused by the asymmetrical drag 
forces of the canopy and vertical tail. More significant, however. 
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was the large positive value of pitching moment contributed by any of the 
horizontal tails at zero deflection, particularly at moderate supersonic 
speeds (see fig. 5)* The lift characteristics of the model (fig. show 
that the positive increment of pitching-moment coefficient attributable 
to the horizontal tail was produced by a negative lift on the horizontal 
tail. The negative lift is believed to be caused by the pressure field 
induced by the profile of the vertical tail reducing the pressure on the 
lower surface of the horizontal tail only, since this surface is located 
at the tip of the vertical tail. To verify this reasoning, a calculation 
was made for a Mach number of 1.35 wherein it was assumed that the pressure 
distribution at the surface of the vertical tail (measured experimentally 
for a similar section) was projected laterally along Mach lines j this 
pressure field could be superimposed on the pressure distribution of that 
portion of the lower siirface of the horizontal tail lying within the Mach 
lines from the leading and trailing edges of the vertical tail. These 
calculated results accounted for approximately 90 percent of the pitching- 
moment coefficient at zero lift. Also in agreement with this reasoning 
are the effects of horizontal-tail position and Increase in Mach number 
on the pitching-mcment coefficient at zero lift, as determined experimen- 
tally during the present investigation. The results of figure 5 show 
that a forward movement of the horizontal tail or an increase in super- 
sonic Mach number reduced the pitching-moment coefficient at zero lift. 
Both effects can be accounted for by the fact that the portion of the 
lower surface of the horizontal tail lying within the Mach lines from, 
the leading and trailing edges of the vertical tail was reduced. 

The pitching-fflcaaent characteristics at lift coefficient in the sub- 
sonic speed range show that the stability of the model either with or 
without a horizontal tail was considerably greater at lift coefficients 
above 0.50 than at lower lift coefficients. The change of stability 
with lift coefficient was most pronounced for the model without a hori- 
zontal tail at a Mach number of 0.80|' for all subsonic Mach numbers 
the effect was less for the model with than without the horizontal tails. 
The latter characteristic was due to a reduction in the stability con- 
tribution of the horizontal tall at higher lift coefficients caused by 
an increase in the rate of change of downwash angle with angle of attach. 
The effective downwash angle, as determined from the model with the stand- 
ard tail at several deflection angles, is shown in figure 6. The data 
for subsonic speeds indicate' that the value of ds/da at angles of attack 
above 8° was twice as great as that at 0°. Thus, in a manner similar to 
that for triangular and sweptback wings, the stability contribution of 
the high horizontal tail decreased considerably with increasing angle of 
attack as the tail passed throu^ the vortex field from the wing. In 
the present case, these interference effects were favorable in that they 
reduced the excessive stability changes with Increasing lift coefficient 
shown by the model without a horizontal tail. 
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Further interference effects between the wing and horizontal tail 
are indicated by the stability characteristics of the model at Mach 
numbers of 1.45 and above. At a supersonic Mach number of 1.35^ "tlie 
longitudinal stability of the model with any of the three horizontal 
tails was essentially constant throu^out the lift^coeff icient range of 
the tests. With increase in Mach number above 1.35 for the model with 
the forward-tail configuration and above 1.60 for the model with either 
the standard- or low- tail configuration the stability near zero lift 
reduced (see fig. 7)j whereas that at the high lift coefficients remained 
approximately the same as at the lower supersonic Mach number. Further- 
more^ the lift-eoefficient' range for reduced stability increased with 
Mach nTimber. The phenomenon was most pronounced for the forward-tail | 
configuration and was sufficiently effective, so that the slope of the 
pitchingHEoment curve (fig. 4) at. a Mach nmber of I.90 was almost I 

identical to the slopes in the subsonic range of the investigation up 
to a lift coeffici^ent of approximately 0.60. This reduction in the 
stability contribution of the horizontal tail at high supersonic Mach 
numbers and low -lift coefficients was due to an increase in the value of 
de/da, as shown for the standard-tail configuration in figure 6. 

The increase in de/da at low lift coefficients can be explained 
by the fact that with increasing Mach number, the inclination of the 
shock wave at the wing trailing edge increased so that, eventually, 
the horizontal tail was ahead of the shock wave. The stream angle 
ahead of the shock wave was nearly equal to the angle of attack of the 
wing. Thus, as Mach number increased, the shock wave passed by the 
horizontal tail and the rate of change of effective downwash at the 
horizontal tail with angle of attack increased. With increasing angle 
of attack at a constant Mach number, the horizontal tail moved below 
the shock wave and into a flow field where de/da was small. It is 
evident from this description of the cause of the interference phenom- 
encm at supersonic speeds why the reduced stability region for the 
forward-tail configuration was observed at a lower Mach number and why 
it extended over a wider range of lift coefficients than for either the 
standard- or low-tail configurations. It also can be seen that the range 
of lift coefficients for reduced stability will increase with Mach number. 

In addition to these interference effects, the results of figure 4 
show that the model with any of the tail configurations and having the 
center of' gravity at the quarter point of the wing mean aerodynamic chord 
was stable throughout the range of the investigation. Excluding the lift- 
coefficient range near the staill, a minimum static margin of 5 percent 
was obtained at the subsonic -Mach numbers between lift coefficients of 
approximately 0.2 and 0.4. 
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Longitudinal -Control Characteristics 


The longitudinal-control characteristics of the horizontal tails were 
determined during the present iav«stigation for the standard- tall con- 
figuration only. Furthermore, at Mach numbers of 0.60 and 1.80, data 
were obtained at a horizontal-tall deflection of 0 ° onlyj whereas at the 
remaining Mach numbers, data were also obtained at deflections of and 
- 8 °. The results of figure i*- show that throu^out the li||t”Coefficient 
range of the Investigation, the lift and pitching-moment effectiveness of 
the horizontal tail remained essentially constant at all the test Mach 
numbers except Mach number 1.90^ where the control effectiveness decreased 
slightly with increasing angle of attack. Thfs decrease is probably the 
result of a dynamic pressure 2 x)ss at the horizont^ tail as it moves 
down through the shock wave frpm the wing trailing edge with increasing 
angle of attack. The results of figure 8 , showing the effectiveness 
parameters and Cmg are, therefore, applicable throughout the lift- 

coefficlentL-range, except at a Mach number of I. 90 . Also shown in figure 
8 are estimates of the effectiveness parameters using the methods of 
reference 10 for subsonic Mach numbers and those of reference 11 for 
supersonic Mach numbers. The estimated results show the same general 
trends as the experimental results, although differing in value by as 
much as 12 percent. 

The lift coefficient, drag coefficient, and tail deflections for 
balance are shown in figure 9* The aforementioned Increase in stability 
above a lift coefficient of O. 5 O in the subsonic speed range is reflected 
in these data by an increase in the rate of change of deflection angle 
with lift coefficient. The wing-tall interference at low lift coeffi- 
cients at a Mach number of I. 90 , as well as the positive pitching moment 
at zero lift resulting from interference between the horizontal and verti- 
cal tails, is also evident in the deflection angle for balance. A com- 
parison of the trim drag with the drag for the model without a horizontal 
tail (fig. 4) shows that in the balanced condition at supersonic speeds, 
the drag attributable to the horizontal tail between lift coefficients 
of 0.2 and 0.4 is less than 12 percent of the total drag. The small 
penalty of drag to trim is a result of the favorable interference effects 
of the vertical tail on the horizontal tail which reduced the control 
deflections required for trim. 


CONCLUDING REMARKS 


The results of a wind-tunnel investigation of the longitudinal- 
stability and -control characteristics of a fighter model employing a 
low-aspect-ratio unswept wing and a horizontal tail mounted at the tip 
of the vertical tail indicate the following; 
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The longitudinal-stability characteristics were affected consid- 
erably by interference between the vertical tail smd the horizontal tail 
and between the wing and horizontal tail as. a result of the high tail 
location. These effects produded a positive pitching-moment coefficient 
at zero lift throughout the Mach number range of the tests, reduced the 
large increase in stability shown by the model without a horizontal tail 
at lift coefficients of O .50 at high subsonic Mach numbers, and reduced 
the stability at low lift coefficients and high supersonic Mach numbers. 

Lift and pitching-moment effectiveness of the standard horizontal 
tall were unaffected by interference effects and remained essentially 
constant throughout the lift-coefficient range of the investigation at 
all the test Mach numbers except 1<.90, wherein the effectiveness decreased 
slightly with increasing lift coefficient. 
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Willard G. Smith 
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FIGURE LEGETOS 

Figure 1.- Photograph of the laodel in the tunnel. 

Figure 2.~ Dimensional sketch of the model. 

Figure 3»“ Comparison of the three tail configurations. 

Figure Variation of angle of attack and pitching-moment and drag 
coefficients with lift coefficient, (a) M = 0.60 

Figure 4.- Continued, (h) M = 0.80 

Figure 4.- Continued, (c) M = 0.90 

Figure 4.- Continued, (d) M = 1.35 

Figure 4.- Continued, (e) M - 1.45 

Figure 4.- Continued, (f) M = 1.6o 

Figure 4.- Continued, (g) M = 1.80 

Figure 4.- Concluded, (h) M = I.90 

Figure 5*“ Variation of pitching moment at zero lift for several tail 

configurations i 

Figure 6.- Variation of downwash angle with angle of attack (obtained 
with the standard tail), (a) M<1.0, (b) M>1.0 

Figure Variation of stability with Mach number for the model with 

three tail configurations. 

Figure 8.- Variation of tail effectiveness with Mach number; standard 

tail. 

Figure 9»" Relationship of angle of attack, control deflection angle, 
and drag coefficient to lift coefficient for the model longitudinally 
balanced with the standard tail, (a) M<1.0 

Figure 9*“ Concluded, (b) M>1.0 
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Figure Photograph of the model in the tunnel® 
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Figure 4,- Variation of angle of attack and pile hing-moment and drag coefficients with 

lift coefficient. 
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Figure 4.- Concluded, 
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Figure 5.- Variation of pitching moment at zero lift for several tail configurations 
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Figure 6.- Variation of downwash angle with angle of attack (obtained 

with the standard tail). 
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Figure 9.- Helationyhip of auyle of attack, control deflection ::mgle, and drag coefficient to 
lift coefficient for the model longitudinally balanced with the standard tail. 
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